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1The Inorcasing use of a lower frequency lay eminent
engineers , for plants furnishing both power and light has brought
up the question of the effect of a lower frequency upon different
i!
kinds of electric lamps, and more especially upon incandescent
lamps. Although the low frequency is generally used to furnish
power to operate Isolated sub-stations,which may in turn, change
the alternating current to direct current by means of converters.
It would be very convenient if a current suitable for lighting
purposes could be obtained by simply using a transformer which
supplies the required voltage but does not change the frequency.
On account of the lack of satisfactory data on the
subject it was desired to test lamps at different frequencies,
and If possible devise some method of measuring the effect of
different frequencies
,
and if possible devise some method to
I
measure the effect of frequency 'upon the Incandescent lamp.
The current given by an alternator has values v/hich
theretlcally follow asine wave, passing rapidly from a positive
maximum to a negative maximum value, thus giving two points of
maximum value for each period. Since the light emitted by an
incandescent lamp is due to the square of the ciirrent, the reversa
of the current does not effect the light, which v/ill always be
positive, the varying current however causes the intensity of the
light to vary^becoming less as the current decreases and
1
2Incroasing again as. the current rises. The light doeo not 'become
zero at the point where the current is zero hov/ever, because
this point is passed so qulcltly the. filament does not have time
to cool entirely.
It vas first deslded to test the effect of frequency
upon the eye, and this was done in the following manner. In
order to eliminate as far as poBslble the difference due to
different eyes and to ©"btain the true effect of frequency » the
test was carried on individually by llr, Riley and Tfr. Fletcher.
The lamps tested were placed in a dariL room which had no reflect-
ing walls or surfaces, add various frequencies were impressed upon
the lamps.
The results of the test as noted "by Mr. Riley were as
follows.
The test was started at a frequency of 60 and no change
was noticed either by loolcing directly at the f11 lament or "by the
light "being thrown upon a white screen. The frequency was then
changed by small steps until a flickering was noticed. This
flickering, which was due to the low frequency, was first noticed
by watching the shadow on the screen used as stated above and
first appeared at a frequency of twenty-seven (27), but could not
be noticed at thirty. These changes could not be noticed when
looking directly at the f 11 lament until the frequency had been

5lowered to alDout twenty (20). There was a notioable unsteadiness
in the filiament at the lov/er frequencies, which became more not-
1cable as the frequency was lov/ered.
The test by Mr. Fletcher was as follows.
To determine the point at which the lama? actually flick-
ered, due to lov/ frequency, it was necessary to note the point at
which there would be rapid changes in the color of the filiament.
The frequency was lowered from sixty (60), and the fliclcer was ob-
served at a frequency of twenty-two (22). Toward the latter part
of the test the effect was very trying to the eyes, and it was
necessary to rest them before any farther observations were tak-
en* Again starting at the low frequency it was desired to raise
it very slowly and note effect. A slight rise in frequency caus-
ed the filiament to give apparently . steady light, but the light
reflected from a white surface was unsteady, even when the fre-
quency was at twenty-eight (28) although the flickering disappear-
ed at thirty (30).
In order to try the effect of the low frequency on the .
eyes, the filiament of a direct current lamp was watched closely
for a given time, and after the eyes were rested the same was try-
ed with the alternating ciirrent lamp at a frequency of twenty-five
(25). The alternating current lamp was found to be much more try-
ing to the eyes although the variations of the light could not be

4seen.
These tests v/ould shov/ tiiat for general lllimlnatlon,
such as stations, power plants, and all places where close applic-
ation of the eyes is not necessary, a frequency of twenty-five (25)
may "be used; "but for lighting where the eyes are to "be used to any
extent, the frequency should not "be "below forty (40), Although
the rapid variations could not "bo seen, they would undoubtedly "be
Injurious to the eyes. At frequencies of thirty (30) and "below
the filiaments tend to vibrate, which greatly increases the effect
and maizes the light more trying. If incandescent lamps must be
used on low frequency, the fil lament should be anchored in such a
manner as to reduce all possible vibration, and lamps of high can-
dle-power v/ith thicK filiaments should be used.
An endeavor was made to measure the effect of frequency
more accurately than is possible with the 6ye, ana to determine if
possible any laws that govern the difference between the maximum
and mlnumum intensity of light at the different frequencies. By
means of a slotted disl^ running in synchronism with the alternat-
ing current impressed upon the Jamp, we endeavored to cut off all
the light except at maxinum and mlnumum points, and to measure the
dlffereiice by the aid of a photometer. To do this a snail eight
(8) pole alternator was arranged to run as a single phase syn-
chronous motor, being started and brought up to synchronism by

5meaiis of a small direct curront motor toeltod to it. The synchron-
ous motor was on the same circuit as the light to be tested, in
order to run it with the same frequency. Slots were cut in a
large pasteboard disK and accurately spaced to one eighth of the
circumference, thus allowing only certain portions of the light
curve to pass through the disk. The spacing of these slots v/as
determined by the number of poles on the machine, there being
eight (8) slots because the frequency of the light wave is double
that of the current from which it is run.
The disk was made to revolve in front of a Bunsen grease spot
photometer which was lighted from one end by a direct current lamp
, the low frequency lamp being placed at the other end. It the
screen on the photometer responded accurately to the variations in
Intensity of light from the alternating current lamp, and the rev-
olving disk allowed only the maximum and minumum light to be seen
, the difference in candle-power should be shown by the appearance
of the grease spot on the photometer screen.
The different points on the light curve were observed
by moving the photometer screen a distance of one half the dis-
tance of the spacing between the slots on the disk, thus giving
all the values of the curve, the difference in the intensity of
light being measured by the ratio of the distance of the direct
current lamp from the screen, to that of the alternating current

clamp from the soreon.
At low frequoncles the photometer Showed a difference in
oandlo-power between maxlmuin and minumum points; "but It did not
respond satlsfatorlly to the variations of light, and also, the
persistency of vision made it necessary to reduce the width of the
slots to such an extent that too much of the light T/as cut off,
thus making the readings indeterminate.
Every precaution was taHien to make this test accurate,
all parts of the motor and disk "being "blackened, to prevent any
reflection of light.
While the results of these tests were not as definite
as had "been hoped for, and the conclusions to "be drawn are only
negative, the fact that a rapid variation of light does exsist
even at sixty (60) has "been proven, and that at low frequencies " ;
the effect is very appreciable and is a factor which oaimdt t>e .
dverlQOked.
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